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(57) ABSTRACT

Inventive concepts provide a method of inspecting a semi-
conductor device including obtaining inspection image data
of'an inspection pattern of an inspection layer on a substrate.
The method may include extracting inspection contour data
including an inspection pattern contour from the inspection
image data, and merging the inspection contour data with
comparison contour data of a comparison layer to obtain
merged data. The comparison layer may overlap the inspec-
tion layer. The method may also include determining a
horizontal distance between the inspection pattern contour
and a comparison pattern contour of the comparison contour
data based on the merged data.
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FIG. 2
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FIG. 3
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FIG. 5
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METHODS OF INSPECTING A
SEMICONDUCTOR DEVICE AND
SEMICONDUCTOR INSPECTION SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

This U.S. non-provisional patent application claims pri-
ority under 35 U.S.C. §119 to Korean Patent Application No.
10-2013-0125474, filed on Oct. 21, 2013, in the Korean
Intellectual Property Office, the disclosure of which is
hereby incorporated by reference in its entirety.

BACKGROUND

Inventive concepts relate to methods of inspecting a
semiconductor device and/or semiconductor inspection sys-
tems.

Semiconductor devices are widely used in an electronic
industry because of their small size, multi-function and/or
low manufacture cost characteristics. Semiconductor
devices may be manufactured by various manufacture pro-
cesses such as a photolithography process, an etching pro-
cess, a deposition process, an ion implantation process, a
cleaning process, and an inspecting process.

In an inspecting process, defects of patterns may be
detected in a semiconductor device. However, as semicon-
ductor devices are being highly integrated, patterns are
becoming smaller. Thus, it is becoming increasingly difficult
to detect defects of semiconductor devices.

SUMMARY

At least one example embodiment of inventive concepts
may provide methods of inspecting a semiconductor device
capable of improving reliability of inspection.

At least one example embodiment of inventive concepts
may also provide semiconductor inspection systems capable
of improving reliability of inspection.

At least one example embodiment of inventive concepts
may further provide methods of inspecting a semiconductor
device capable of precisely detecting defects between real
patterns and invisible patterns.

At least one example embodiment of inventive concepts
may yet further provide semiconductor inspection systems
capable of precisely detecting defects between real patterns
and invisible patterns.

According to at least one example embodiment, a method
of inspecting a semiconductor device includes obtaining
inspection image data of an inspection pattern of an inspec-
tion layer on a substrate. The method includes extracting
inspection contour data including an inspection pattern
contour from the inspection image data. The method
includes merging the inspection contour data with compari-
son contour data of a comparison layer to obtain merged
data. The comparison layer may overlap the inspection layer.
The method may include determining a horizontal distance
between the inspection pattern contour and a comparison
pattern contour of the comparison contour data based on the
merged data.

According to at least one example embodiment, the
comparison layer is not visible during the obtaining opera-
tion.

According to at least one example embodiment, the
comparison layer is disposed under the inspection layer, a
film is on the comparison layer, and the inspection pattern of
the inspection layer is on the film.
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According to at least one example embodiment, the
method further includes obtaining comparison image data of
a comparison pattern included in the comparison layer
before formation of the inspection layer. The method
includes extracting the comparison contour data from the
comparison image data.

According to at least one example embodiment, the
comparison contour data is from design layout data of the
comparison layer.

According to at least one example embodiment, the
comparison layer is an upper layer formed on the inspection
layer.

According to at least one example embodiment, the
comparison contour data is from design layout data of the
comparison layer.

According to at least one example embodiment, the
method includes comparing the determined horizontal dis-
tance with a reference distance.

According to at least one example embodiment, the
method includes performing a rework process if the deter-
mined horizontal distance is outside a tolerance range of the
reference distance.

According to at least one example embodiment, the
inspection pattern includes a plurality of inspection patterns,
the inspection contour data includes a plurality of inspection
pattern contours corresponding to the plurality of inspection
patterns, respectively, and the comparison contour data
includes a plurality of comparison pattern contours corre-
sponding to the plurality of inspection pattern contours,
respectively. The determining a horizontal distance deter-
mines a horizontal distance between each of the inspection
pattern contours and each of the comparison pattern con-
tours corresponding to the inspection pattern contours. The
comparing the determined horizontal distance with the ref-
erence distance compares the determined horizontal dis-
tances with reference distances corresponding to the deter-
mined horizontal distances, respectively.

According to at least one example embodiment, the
method includes identifying a hotspot of the inspection
patterns by comparing the determined horizontal distances
with the reference distances.

According to at least one example embodiment, the
inspection contour data is in a geometric database standard
(GDS) format.

According to at least one example embodiment, a semi-
conductor inspection system includes an image detection
apparatus configured to obtain inspection image data of an
inspection pattern of an inspection layer formed on a sub-
strate; and an electronic system including a controller. The
controller is configured to extract inspection contour data
including an inspection pattern contour from the inspection
image data, merge the inspection contour data with com-
parison contour data of a comparison layer, and determine a
horizontal distance between the inspection pattern contour
and a comparison pattern contour of the comparison contour
data based on the merged data. The comparison layer
overlaps with the inspection layer.

According to at least one example embodiment, the
electronic system further includes a memory device config-
ured to store the obtained inspection image data, the
extracted inspection contour data, the merged data, the
comparison contour data, and the determined horizontal
distance.

According to at least one example embodiment, the image
detection apparatus is one of a nano geometry research
(NGR) apparatus and a scanning electron microscope (SEM)
apparatus.
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According to at least one example embodiment, a method
of inspecting a semiconductor device includes receiving
image data of a first pattern on a substrate. The method
includes extracting at least one first contour of the first
pattern from the image data, and merging the at least one
first contour with at least one second contour of a second
pattern. The second pattern and the first pattern are at
different vertical levels within the semiconductor device.
The method includes determining at least one lateral dis-
tance between the at least one first contour and the at least
one second contour based on the merging.

According to at least one example embodiment, the at
least one second contour corresponds to at least one active
region in the substrate, and the at least one determined
lateral distance is a lateral distance between the at least one
first contour and the at least one active region.

According to at least one example embodiment, the at
least one second contour corresponds to at least one contact
hole of the semiconductor device, and the at least one
determined lateral distance is a lateral distance between the
at least one first contour and the at least one contact hole.

According to at least one example embodiment, the
method includes comparing the at least one determined
lateral distance to at least one reference distance, and
performing additional processing on the semiconductor
device based on the comparing.

According to at least one example embodiment, the
method includes extracting the second contour from one of
image data of the second pattern and a design layout of the
semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

The inventive concepts will become more apparent in
view of the attached drawings and accompanying detailed
description.

FIG. 1 is a schematic block diagram illustrating a semi-
conductor inspection system according to at least one
example embodiment of inventive concepts;

FIG. 2 is a flowchart illustrating a method of inspecting a
semiconductor device according to at least one example
embodiment of inventive concepts;

FIG. 3 is a cross-sectional view illustrating a method of
inspecting a semiconductor device according to at least one
example embodiment of inventive concepts;

FIG. 4 is a plan view illustrating merged data used in a
method of inspecting a semiconductor device according to at
least one example embodiment of inventive concepts;

FIG. 5 is a flowchart illustrating an example of a method
of obtaining comparison contour data in a method of
inspecting a semiconductor device according to at least one
example embodiment of inventive concepts;

FIG. 6 is a cross-sectional view illustrating a method of
inspecting a semiconductor device according to at least one
example embodiment of inventive concepts; and

FIG. 7 is a plan view illustrating merged data used in a
method of inspecting a semiconductor device according to at
least one example embodiment of inventive concepts.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

Inventive concepts will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of inventive concepts are
shown. The advantages and features of inventive concepts
and methods of achieving them will be apparent from the
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following exemplary embodiments that will be described in
more detail with reference to the accompanying drawings. It
should be noted, however, that inventive concepts are not
limited to the following exemplary embodiments, and may
be implemented in various forms. Accordingly, the exem-
plary embodiments are provided only to disclose inventive
concepts and let those skilled in the art know the category of
inventive concepts. In the drawings, example embodiments
of inventive concepts are not limited to the specific
examples provided herein and are exaggerated for clarity.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to limit
the invention. As used herein, the singular terms “a,” “an”
and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items. It will be
understood that when an element is referred to as being
“connected” or “coupled” to another element, it may be
directly connected or coupled to the other element or inter-
vening elements may be present.

Similarly, it will be understood that when an element such
as a layer, region or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may be present. In contrast, the term
“directly” means that there are no intervening elements. It
will be further understood that the terms “comprises”, “com-
prising,”, “includes” and/or “including”, when used herein,
specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof.

Additionally, example embodiments in the detailed
description will be described with sectional views as ideal
exemplary views of inventive concepts. Accordingly, shapes
of the exemplary views may be modified according to
manufacturing techniques and/or allowable errors. There-
fore, example embodiments of inventive concepts are not
limited to the specific shape illustrated in the exemplary
views, but may include other shapes that may be created
according to manufacturing processes. Areas exemplified in
the drawings have general properties, and are used to
illustrate specific shapes of elements. Thus, this should not
be construed as limited to the scope of inventive concepts.

It will be also understood that although the terms first,
second, third etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another element. Thus, a first element in some example
embodiments could be termed a second element in other
example embodiments without departing from the teachings
of inventive concepts. Exemplary embodiments of aspects
of inventive concepts explained and illustrated herein
include their complementary counterparts. The same refer-
ence numerals or the same reference designators denote the
same elements throughout the specification.

Moreover, exemplary embodiments are described herein
with reference to cross-sectional illustrations and/or plane
illustrations that are idealized exemplary illustrations.
Accordingly, variations from the shapes of the illustrations
as a result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, exemplary embodi-
ments should not be construed as limited to the shapes of
regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing. For
example, an etching region illustrated as a rectangle will,
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typically, have rounded or curved features. Thus, the regions
illustrated in the figures are schematic in nature and their
shapes are not intended to illustrate the actual shape of a
region of a device and are not intended to limit the scope of
example embodiments.

Although corresponding plan views and/or perspective
views of some cross-sectional view(s) may not be shown,
the cross-sectional view(s) of device structures illustrated
herein provide support for a plurality of device structures
that extend along two different directions as would be
illustrated in a plan view, and/or in three different directions
as would be illustrated in a perspective view. The two
different directions may or may not be orthogonal to each
other. The three different directions may include a third
direction that may be orthogonal to the two different direc-
tions. The plurality of device structures may be integrated in
a same electronic device. For example, when a device
structure (e.g., a memory cell structure or a transistor
structure) is illustrated in a cross-sectional view, an elec-
tronic device may include a plurality of the device structures
(e.g., memory cell structures or transistor structures), as
would be illustrated by a plan view of the electronic device.
The plurality of device structures may be arranged in an
array and/or in a two-dimensional pattern.

In the following description, illustrative example embodi-
ments will be described with reference to acts and symbolic
representations of operations (e.g., in the form of flow
charts, flow diagrams, data flow diagrams, structure dia-
grams, block diagrams, etc.) that may be implemented as
program modules or functional processes include routines,
programs, objects, components, data structures, etc., that
perform particular tasks or implement particular abstract
data types and may be implemented using existing hardware
in existing electronic systems (e.g., electronic imaging sys-
tems, image processing systems, digital point-and-shoot
cameras, personal digital assistants (PDAs), smartphones,
tablet personal computers (PCs), laptop computers, etc.).
Such existing hardware may include one or more Central
Processing Units (CPUs), digital signal processors (DSPs),
application-specific-integrated-circuits (ASICs), field pro-
grammable gate arrays (FPGAs) computers or the like.

Although a flow chart may describe the operations as a
sequential process, many of the operations may be per-
formed in parallel, concurrently or simultaneously. In addi-
tion, the order of the operations may be re-arranged. A
process may be terminated when its operations are com-
pleted, but may also have additional steps not included in the
figure. A process may correspond to a method, function,
procedure, subroutine, subprogram, etc. When a process
corresponds to a function, its termination may correspond to
a return of the function to the calling function or the main
function.

As disclosed herein, the term ‘“memory”, “storage
medium”, “computer readable storage medium” or “non-
transitory computer readable storage medium” may repre-
sent one or more devices for storing data, including read
only memory (ROM), random access memory (RAM),
magnetic RAM, core memory, magnetic disk storage medi-
ums, optical storage mediums, flash memory devices and/or
other tangible or non-transitory machine readable mediums
for storing information. The term “computer-readable
medium” may include, but is not limited to, portable or fixed
storage devices, optical storage devices, and various other
tangible or non-transitory mediums capable of storing, con-
taining or carrying instruction(s) and/or data.

Furthermore, example embodiments may be implemented
by hardware, software, firmware, middleware, microcode,
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hardware description languages, or any combination thereof.
When implemented in software, firmware, middleware or
microcode, the program code or code segments to perform
the necessary tasks may be stored in a machine or computer
readable medium such as a computer readable storage
medium. When implemented in software, a processor or
processors may be programmed to perform the necessary
tasks, thereby being transformed into special purpose pro-
cessor(s) or computer(s).

A code segment may represent a procedure, function,
subprogram, program, routine, subroutine, module, software
package, class, or any combination of instructions, data
structures or program statements. A code segment may be
coupled to another code segment or a hardware circuit by
passing and/or receiving information, data, arguments,
parameters or memory contents. Information, arguments,
parameters, data, etc. may be passed, forwarded, or trans-
mitted via any suitable means including memory sharing,
message passing, token passing, network transmission, etc.

FIG. 1 is a schematic block diagram illustrating a semi-
conductor inspection system according to at least one
example embodiment of inventive concepts.

Referring to FIG. 1, a semiconductor inspection system
500 according to example embodiments may include an
image detection apparatus 510 and an electronic system 520.
The image detection apparatus 510 may include a chuck 512
and an image capture unit 515. A semiconductor substrate
100 may be loaded on the chuck 512. The image capture unit
515 may obtain an image of a pattern formed on the
semiconductor substrate 100. The image capture unit 515
may obtain the image using a source such as an electron
beam. In at least one example embodiment, the image
detection apparatus 510 may be a nano geometry research
(NGR) apparatus, which is a geometry verification appara-
tus. In at least one other example embodiment, the image
detection apparatus 510 may be a scanning electron micro-
scope (SEM) apparatus.

The electronic system 520 may receive and process image
data obtained from the image detection apparatus 510. The
electronic system 520 may include a controller 522 capable
of receiving and processing various data, and a memory
device 524 capable of storing various data. Functions of the
controller 522 and the memory device 524 will be described
in more detail later. Additionally, the electronic system 520
may further include an input/output (I/O) unit 526 and an
interface unit 528. The I/O unit 526 may include a keyboard,
a keypad, and/or a display device. The data obtained from
the image inspection apparatus 510 may be transmitted to
the electronic system 520 through the interface unit 528.
Additionally, data processed in the electronic system 520
may be transmitted to the image inspection apparatus 510
through the interface unit 528. The interface unit 528 may
include a cable element, a wireless element, and/or a uni-
versal serial bus (USB) port. The controller 522, the memory
device 524, the I/O unit 526 and the interface unit 528 may
be combined with each other via a data bus. The electronic
system 520 may be a computing system.

A method of inspecting a semiconductor device may be
performed using the semiconductor inspection system 500
described above. Hereinafter, the inspecting method will be
described.

FIG. 2 is a flowchart illustrating a method of inspecting a
semiconductor device according to at least one example
embodiment of inventive concepts. FIG. 3 is a cross-sec-
tional view illustrating a method of inspecting a semicon-
ductor device according to at least one example embodiment
of inventive concepts. FIG. 4 is a plan view illustrating
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merged data used in a method of inspecting a semiconductor
device according to at least one example embodiment of
inventive concepts.

As illustrated in FIG. 3, a semiconductor substrate 100
may include a first region 50 and a second region 60. A
device isolation pattern 105 may be formed in the semicon-
ductor substrate 100 to define one or more active regions 111
and 112. In at least one example embodiment, a first active
region 111 may be defined in the first region 50 and a second
active region 112 may be defined in the second region 60.

A material film 115 may be formed on the semiconductor
substrate 100. In at least one example embodiment, the
material film 115 may perform an ion implantation buffer
function, an anti-reflection function, and/or an image supple-
mentary function. The ion implantation buffer function may
be a function of protecting the active regions 111 and 112
during a subsequent ion implantation process. The anti-
reflection function may be a function of reducing (or alter-
natively, preventing) reflection of light in a subsequent
photolithography process. The image supplementary func-
tion may improve an image when the image is obtained from
a pattern formed on the material film 115 by using the
electron beam. In at least one example embodiment, the
material film 115 may include at least one of a silicon oxide
film, a silicon oxynitride film, a silicon nitride film, and a
carbon film. For example, the carbon film may perform the
image supplementary function.

Referring to FIG. 3, an inspection layer including one or
more inspection patterns 121 and 122 may be formed on the
material film 115. In at least one example embodiment, a
first inspection pattern 121 may be formed on the material
film 115 in the first region 50 and a second inspection pattern
122 may be formed on the material film 115 in the second
region 60. In at least one example embodiment, the first and
second inspection patterns 121 and 122 may be photoresist
patterns. In other words, a photolithography process may be
performed to form the first and second inspection patterns
121 and 122 on the material film 115. The inspection
patterns 121 and 122 are real patterns disposed in a chip
region of the semiconductor substrate 100. In other words,
the inspection patterns 121 and 122 are not disposed in a
scribe lane of the semiconductor substrate 100.

In at least one example embodiment, the inspection layer
may be a well ion implantation mask layer. The well ion
implantation mask layer may expose a region in which a
well region will be formed but may cover a region in which
the well region will not be formed. In at least one example
embodiment, a first well region may be formed in the first
active region 111 and a second well region may be formed
in the second active region 112. The well ion implantation
mask layer may be a mask layer for the formation of the first
well region. Thus, the first inspection pattern 121 may not
cover the first active region 111 but the second inspection
pattern 122 may cover the second active region 112.

Referring to FIGS. 1, 2 and 3, the inspection system 500
obtains inspection image data of the one or more inspection
patterns 121 and 122 of the inspection layer in operation
(S21). For example, the inspection image data may be
obtained by the image detection apparatus 510 of the semi-
conductor inspection system 500. In more detail, the semi-
conductor substrate 100 including the inspection patterns
121 and 122 may be loaded on the chuck 512 of the image
detection apparatus 510 and the inspection image data may
be then obtained using the image capture unit 515. The
inspection image data may include image patterns that
correspond to the inspection patterns 121 and 122, respec-
tively.
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The inspection image data may be stored in the memory
device 524 of the electronic system 520. Additionally, the
memory device 524 may further store commands for con-
trolling the controller 522. The memory device 524 may
include a non-volatile computer readable medium. For
example, the memory device 524 may include a hard disk
and/or a non-volatile memory device (e.g., a flash memory
device, a phase change memory device, and/or a magnetic
memory device). The inspection image data may be stored
in the memory device 524 through the interface unit 528 of
the electronic system 520.

Referring to FIGS. 1 to 4, the inspection system 500 may
extract inspection contour data including one or more
inspection pattern contours 121¢ and 122¢ from the inspec-
tion image data in operation (S22). As illustrated in FIG. 4,
the inspection contour data includes the inspection pattern
contours 121¢ and 122¢ respectively corresponding to the
image patterns of the inspection image data. The image
patterns of the inspection image data may include profile
information of the inspection patterns 121 and 122. The
inspection pattern contours 121¢ and 122¢ may be extracted
using the profile information of the inspection patterns 121
and 122 included in the inspection image data. The inspec-
tion pattern contours 121¢ and 122¢ may correspond to
contours of regions of the inspection patterns 121 and 122
capable of performing a desired function (e.g., a mask
function) of the inspection patterns 121 and 122. For
example, if a sidewall of each of the inspection patterns 121
and 122 is a downward slope, a thickness of each of the
inspections patterns 121 and 122 may become reduced from
a center to an edge of each of the inspection patterns 121 and
122. In this case, the inspection pattern contours 121¢ and
122¢ may correspond to outlines having a minimum thick-
ness capable of achieving the desired function of the inspec-
tion patterns 121 and 122.

The controller 522 of the electronic system 520 may
extract the inspection contour data from the inspection
image data in operation (S22). The extracted inspection
contour data may be stored in the memory device 524 of the
electronic system 520. In at least one example embodiment,
the inspection contour data may be a geometry database
standard (GDS) format.

The electronic system 520 may merge inspection contour
data with comparison contour data of a comparison layer in
operation (S23). The comparison layer vertically overlaps
with the inspection layer. In at least one example embodi-
ment, the comparison layer may be disposed under the
inspection layer. The comparison layer may include com-
parison patterns respectively corresponding to the inspection
patterns 121 and 122. For example, the comparison patterns
of the comparison layer may be the first and second active
regions 111 and 112. In other words, the first and second
active regions 111 and 112 may be first and second com-
parison patterns, respectively. The comparison patterns are
also disposed in the chip region like the inspection patterns
121 and 122. In other words, the comparison patterns are not
disposed in the scribe lane.

The first and second active regions 111 and 112 may
correspond to the first and second inspection patterns 121
and 122, respectively. In at least one example embodiment,
the first inspection pattern 121 may be laterally spaced apart
from the first active region 111 corresponding to the first
comparison pattern when viewed from a plan view. The
second inspection pattern 122 may vertically overlap with
the second active region 112 corresponding to the second
comparison pattern.
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When the inspection image data of the inspection layer is
obtained, the comparison layer is not visible. In other words,
the comparison layer is not shown in the inspection image
data. In at least one example embodiment, since the material
film 115 covers the comparison layer including the first and
second active regions 111 and 112, the comparison layer
may be hidden.

The comparison contour data may include comparison
pattern contours 111¢ and 112¢ respectively corresponding
to the comparison patterns. The comparison contour data
may be stored in the memory device 524 of the electronic
system 520. In at least one example embodiment, the
comparison contour data may be the GDS format.

The controller 522 may merge the inspection contour data
with the comparison contour data to obtain merged data in
operation (S23). FIG. 4 illustrates the merged data. The
merged data may be stored in the memory device 524 of the
electronic system 520. In at least one example embodiment,
the merged data may also be the GDS format.

In at least one example embodiment, the comparison
contour data may be based on a design layout data of the
comparison layer. In other words, the comparison pattern
contours 111c¢ and 112¢ may be pattern contours of the
design layout of the first and second active regions 111 and
112.

In at least one example embodiment, the comparison
contour data under the inspection layer may be obtained by
a similar method to the method of obtaining the inspection
contour data. This will be described with reference to FIG.
5 in more detail. FI1G. 5 is a flowchart illustrating an example
of a method of obtaining comparison contour data in a
method of inspecting a semiconductor device according to at
least one example embodiment of inventive concepts.

Referring to FIGS. 1, 3, 4 and 5, the inspection system
500 may obtain comparison image data of the comparison
patterns of the comparison layer in operation (S11). For
example, the comparison image data of the comparison layer
including the active regions 111 and 112 may be obtained
before the formation of the material film 115. In more detail,
the semiconductor substrate 100 having the active regions
111 and 112 may be loaded on the chuck 512 of the image
detection apparatus 510 before the material film 115 is
formed. The image capture unit 515 may obtain the com-
parison image data of the active regions 111 and 112. The
obtained comparison image data may be stored in the
memory device 524 through the interface unit 528.

The controller 522 may extract the comparison contour
data including comparison pattern contours 111¢ and 112¢
from the comparison image data in operation (S12). In at
least one example embodiment, the extracted comparison
contour data may be the GDS format. The extracted com-
parison contour data may be stored in the memory device
524.

Referring again to FIGS. 1 to 4, the controller 522 may
determine horizontal distances Dla and D2a between the
inspection pattern contours 121¢ and 122¢ and the compari-
son pattern contours 111¢ and 112¢ from the merged data in
operation (S24). The controller 522 may determine a first
horizontal distance D1a between the first inspection pattern
contour 121¢ and the first comparison pattern contour 111¢
corresponding thereto. The controller 522 may determine a
second horizontal distance D2a between the second inspec-
tion pattern contour 122¢ and the second comparison pattern
contour 112¢ corresponding thereto.

The first horizontal distance Dla may correspond to a
horizontal distance D1 between the first inspection pattern
121 and the first active region 111 laterally spaced apart from
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the first inspection pattern 121 in FIG. 3. That is, the first
horizontal distance Dla may show a separation degree
between the first inspection pattern 121 and the first active
region 111 (i.e., the first comparison pattern. The second
horizontal distance D2a may correspond to a horizontal
distance D2 between a sidewall of the second inspection
pattern 122 and a sidewall of the second active region 112
covered by the second inspection pattern 122. That is, the
second horizontal distance D2a may show a degree of
overlap between the second inspection pattern 122 and the
second active region 112 (i.e., the second comparison pat-
tern).

The controller 522 may compare the determined distances
Dla and D2a with reference distances in operation (S25).
The reference distances include first and second reference
distances corresponding to the determined first and second
horizontal distances D1a and D2a, respectively. The refer-
ence distances are distances for driving of a semiconductor
device. The reference distances may be designed distances.
In at least one example embodiment, each reference distance
may have a tolerance range. For example, the tolerance
range of each reference distance may be a range from each
reference distance minus a tolerance to each reference
distance plus the tolerance (e.g., each reference distance-the
tolerancesthe tolerance range of each reference distance=e-
ach reference distance+the tolerance). Comparing the deter-
mined horizontal distances D1la and D2a with the reference
distances may include confirming whether the determined
horizontal distances D1a and D2a are included in the toler-
ance ranges of the reference distances or not.

The controller 522 may store comparison result data
obtained in the comparison operation S25 in the memory
device 524.

The controller 522 may identify a hotspot based on the
comparison result data in operation (S26). The hotspot may
be a region having a possibility of causing a defect on the
semiconductor substrate 100. In the hotspot, the determined
horizontal distance may exist in an edge of the tolerance
range of the reference distance corresponding thereto or may
be beyond the tolerance range.

The identified region corresponding to the hotspot may be
continuously monitored afterward. If the determined hori-
zontal distance is beyond the tolerance range, a rework
process may be performed on the inspection layer including
the inspection patterns 121 and 122. In other words, the
inspection patterns 121 and 122 of the photoresist patterns
may be removed by an ashing process and a recipe of the
photolithography process may be then readjusted. A photo-
lithography process may be performed with the readjusted
recipe to re-form inspection patterns.

In at least one example embodiment, a design layout of
the inspection layer and/or a design layout of the comparison
layer may be modified using the comparison result data
and/or the identified hotspot. In at least one other example
embodiments, both the readjustment of the photolithography
process and the modification of the design layout may be
performed using the comparison result data and/or the
identified hotspot.

The result data of the hotspot may be stored in the
memory device 524.

In at least one example embodiment, the inspection image
data may be obtained by scanning an entire portion of the
chip region. For example, the entire portion of the chip
region may be scanned by the NGR apparatus. In this case,
the comparison contour data corresponding to the entire
portion of the chip region may be merged with the inspection
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image data. In this case, hotspots that are not verified by a
verification simulation may be identified.

According to the aforementioned example embodiments
of inventive concepts, it is possible to accurately verify a
relative location between the inspection layer and the com-
parison layer that is not visible when the inspection image
data is obtained. Thus, the hotspot of the semiconductor
device may be easily and accurately verified. As a result, the
semiconductor device having excellent characteristics may
be realized and productivity of the semiconductor device
may be improved.

In example embodiments described above, the inspection
layer may be the ion implantation mask layer. However,
inventive concepts are not limited thereto. In at least one
example embodiment, the inspection layer may be an etch
mask layer.

In the aforementioned example embodiments, the inspec-
tion patterns of the inspection layer may be the photoresist
patterns. However, inventive concepts are not limited
thereto. In at least one example embodiment, the inspection
patterns may be real semiconductor patterns such as gate
patterns, interconnection patterns, contact patterns and/or
pad patterns. In this case, the comparison layer under the
inspection layer may be another kind of a layer correspond-
ing to the inspection patterns.

The inspecting method described above may be applied to
other layers. For example, the inspection layer may include
photoresist patterns defining gate patterns and the compari-
son layer may include active regions. In at least one example
embodiment, the inspection layer may include photoresist
patterns defining interconnection patterns and the compari-
son layer may include contact patterns covered by the
interconnection patterns. In at least one other example
embodiment, the inspection layer may include photoresist
patterns defining landing pad patterns and the comparison
layer may include contact patterns covered by the landing
pad patterns. However, inventive concepts are not limited
thereto. That is, the inspection layer may be one of layers
constituting a semiconductor device and the comparison
layer may be formed under the inspection layer.

In the aforementioned example embodiments, the com-
parison layer is disposed under the inspection layer. How-
ever, inventive concepts are not limited thereto. In at least
one other example embodiment, the comparison layer may
be an upper layer that will be formed on the inspection layer.
This will be described with reference to FIGS. 6 and 7.

FIG. 6 is a cross-sectional view illustrating a method of
inspecting a semiconductor device according to at least one
example embodiment of inventive concepts. FIG. 7 is a plan
view illustrating a merged data used in a method of inspect-
ing a semiconductor device according to at least one
example embodiment of inventive concepts.

Referring to FIG. 6, a device isolation pattern 205 may be
formed in or on a semiconductor substrate 100 to define
active regions 211 and 212. A first active region 211 and a
second active region 212 may be defined in a first region 55
and a second region 65 of the semiconductor substrate 100,
respectively. The first and second regions 55 and 65 are
included in a chip region of the semiconductor substrate 100.

A gate insulating layer 215, a gate conductive layer 217
and a capping insulating layer 219 may be sequentially
formed on the semiconductor substrate 100. The gate insu-
lating layer 215 may include a silicon oxide layer and/or a
high-k dielectric layer. The gate conductive layer 217 may
include at least one of a doped semiconductor layer (e.g., a
doped silicon layer), a metal layer (e.g., a tungsten layer, a
titanium layer, and/or a tantalum layer), a conductive metal

10

15

20

25

30

35

40

45

50

55

60

65

12

nitride layer (e.g., a titanium nitride layer, a tantalum nitride
layer, and/or a tungsten nitride layer), and a semiconductor-
metal compound layer (e.g., a metal silicide layer). The
capping insulating layer 219 may include a silicon oxide
layer, a silicon nitride layer, and/or a silicon oxynitride layer.

An inspection layer including inspection patterns 221 and
222 may be formed on the capping insulating layer 219. In
at least one example embodiment, a first inspection pattern
221 and a second inspection pattern 222 may be formed in
the first region 55 and the second region 65, respectively. In
at least one example embodiment, the first and second
inspection patterns 221 and 222 may be photoresist patterns
defining gate patterns. The first and second inspection pat-
terns 221 and 222 may cross over the first and second active
regions 211 and 212, respectively. The first and second
inspection patterns 221 and 222 are disposed in the chip
region.

Referring to FIGS. 1, 2 and 6, the image detection
apparatus 510 may obtain inspection image data of the
inspection patterns 221 and 222 of the inspection layer in
operation (S21). In more detail, the semiconductor substrate
100 having the inspection patterns 221 and 222 may be
loaded on the chuck 512 and then the image capture unit 515
may obtain the inspection image data.

Referring to FIGS. 1, 2, 6 and 7, the controller 522 may
extract inspection contour data including inspection pattern
contours 221¢ and 222¢ from the inspection image data of
the inspection patterns 221 and 222 in operation (S22). The
extracted inspection contour data may be stored in the
memory device 524. First and second inspection pattern
contours 221¢ and 222¢ of the inspection contour data may
correspond to contours of the first and second inspection
patterns 221 and 222, respectively. The inspection contour
data may be in a GDS format.

The controller 522 may merge the inspection contour data
with a comparison contour data of a comparison layer in
operation (S23). The comparison layer may be the upper
layer that will be formed on the inspection layer. In at least
one example embodiment, the comparison layer may
include first and second comparison patterns 231 and 232
respectively corresponding to the first and second inspection
patterns 221 and 222. The first and second comparison
patterns 231 and 232 may be formed in the chip region. In
at least one example embodiment, the first comparison
pattern 231 may be a first contact hole that will expose a first
gate pattern defined by the first inspection pattern 221, and
the second comparison pattern 232 may be a second contact
hole that will expose the second active region 212 at a side
of a second gate pattern defined by the second inspection
pattern 222.

The comparison contour data may include first and second
comparison pattern contours 231¢ and 232¢ corresponding
to the first and second patterns 231 and 232, respectively. In
at least one example embodiment, the comparison contour
data may be based on design layout data. In other words, the
first and second comparison pattern contours 231¢ and 232¢
may be pattern contours of a design layout. The comparison
contour data may be in a GDS format.

The comparison contour data may be stored in the
memory device 524 before the inspection contour data is
merged with the comparison contour data. The merged data
may be stored in the memory device 524. FIG. 7 illustrates
the merged data. The active regions 211 and 212 are illus-
trated in FIG. 7. In at least one example embodiment, the
merged data may further include contour data of the active
regions 211 and 212. Alternatively, the merged data may not
include the contour data of the active regions 211 and 212.
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Referring to FIGS. 1, 2, 6 and 7, the controller 522 may
determine horizontal distances Elc and E2c between the
inspection pattern contours 221¢ and 222¢ and the compari-
son pattern contours 231¢ and 232¢ from the merged data in
operation (S24). In more detail, the controller 522 may
determine a first horizontal distance Elc between the first
inspection pattern contour 221c¢ and the first comparison
pattern contour 231c. The controller 522 may determine a
second horizontal distance E2c¢ between the second inspec-
tion pattern contour 222¢ and the second comparison pattern
contour 232¢. The first horizontal distance Elc may corre-
spond to a horizontal distance E1 between a sidewall of the
first inspection pattern 221 and a sidewall of the first
comparison pattern 231 that will be formed on the first
inspection pattern 221. The second horizontal distance E2¢
may correspond to a horizontal distance E2 between the
second inspection pattern 222 and the second comparison
pattern 232 that will be formed at a side of the second
inspection pattern 222.

The determined horizontal distances Elc and E2¢ may be
stored in the memory device 524.

The controller 522 compares the determined distances
Elc and E2c with reference distances in operation (S25).
The reference distances include first and second reference
distances corresponding to the checked first and second
horizontal distances Elc and E2c, respectively. Each of the
reference distances may have a tolerance range. Comparing
the determined horizontal distances Elc and E2c with the
reference distances may include confirming whether the
determined horizontal distances Elc and E2c are respec-
tively included in the tolerance ranges of the reference
distances or not.

Comparison result data obtained in the comparing opera-
tion S25 may be stored in the memory device 524.

The controller 522 may identify a hotspot based on the
comparison result data in operation (S26). Hotspot result
data may be stored in the memory device 524. A rework
process through a recipe readjustment of a photolithography
process and/or modification of the design layout may be
performed using the comparison result data and/or the
hotspot result data.

According to the inspecting method described above, it is
possible to confirm relative locations between the inspection
patterns 221 and 222 and the comparison patterns that will
be formed. Thus, defects that may occur in a subsequent
process may be reduced (or alternatively, prevented). As a
result, semiconductor devices having excellent characteris-
tics and/or reliability may be realized and productivity of the
semiconductor device may be improved.

In the inspecting method described above, the inspection
layer and the comparison layer may be other layers. For
example, the inspection layer may include contact patterns.
The comparison layer may include interconnections or land-
ing pad patterns that will be formed on the contact patterns.
In at least one example embodiment, the inspection layer
may include active regions, and the comparison layer may
include gate patterns that will be formed on the active
regions. However, inventive concepts are not limited to
aforementioned example embodiments. In other words, the
inspection layer may be one of layers constituting the
semiconductor device, and the comparison layer may be an
upper layer that will be formed on the inspection layer.

The relative location relation between the inspection layer
and the comparison layer may be accurately verified in
aforementioned example embodiments of inventive con-
cepts. Thus, the semiconductor device having excellent
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characteristics and/or reliability may be realized and the
productivity of the semiconductor device may be improved.
While inventive concepts have been described with ref-
erence to example embodiments, it will be apparent to those
skilled in the art that various changes and modifications may
be made without departing from the spirits and scopes of
inventive concepts. Therefore, it should be understood that
the above example embodiments are not limiting, but illus-
trative. Thus, scopes of inventive concepts are to be deter-
mined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing description.
What is claimed is:
1. A method of inspecting a semiconductor device, the
method comprising:
obtaining inspection image data of an inspection pattern
of an inspection layer on a substrate;
extracting inspection contour data including an inspection
pattern contour from the inspection image data by an
electronic system;
merging the inspection contour data with comparison
contour data of a comparison layer to obtain merged
data, the comparison layer overlapping the inspection
layer; and
determining a horizontal distance between the inspection
pattern contour and a comparison pattern contour of the
comparison contour data based on the merged data.
2. The method of claim 1, wherein the comparison layer
is not visible during the obtaining operation.
3. The method of claim 1, wherein the comparison layer
is disposed under the inspection layer,
wherein a film is on the comparison layer, and
wherein the inspection pattern of the inspection layer is on
the film.
4. The method of claim 3, further comprising:
obtaining comparison image data of a comparison pattern
included in the comparison layer before formation of
the inspection layer; and
extracting the comparison contour data from the compari-
son image data.
5. The method of claim 3, wherein the comparison con-
tour data is from design layout data of the comparison layer.
6. The method of claim 1, wherein the comparison layer
is an upper layer formed on the inspection layer.
7. The method of claim 6, wherein the comparison con-
tour data is from design layout data of the comparison layer.
8. The method of claim 1, further comprising:
comparing the determined horizontal distance with a
reference distance.
9. The method of claim 8, further comprising:
performing a rework process if the determined horizontal
distance is outside a tolerance range of the reference
distance, wherein the inspection pattern is a photoresist
pattern.
10. The method of claim 8, wherein the inspection pattern
includes a plurality of inspection patterns,
wherein the inspection contour data includes a plurality of
inspection pattern contours corresponding to the plu-
rality of inspection patterns, respectively,
wherein the comparison contour data includes a plurality
of comparison pattern contours corresponding to the
plurality of inspection pattern contours, respectively,
wherein the determining a horizontal distance determines
a horizontal distance between each of the inspection
pattern contours and each of the comparison pattern
contours corresponding to the inspection pattern con-
tours, and
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wherein the comparing the determined horizontal distance
with the reference distance compares the determined
horizontal distances with reference distances corre-
sponding to the determined horizontal distances,
respectively.

11. The method of claim 10, further comprising:

identifying a hotspot of the inspection patterns by com-
paring the determined horizontal distances with the
reference distances.

12. The method of claim 1, wherein the inspection contour

data is in a geometric database standard (GDS) format.

13. A semiconductor inspection system comprising:

an image detection apparatus configured to obtain inspec-
tion image data of an inspection pattern of an inspec-
tion layer formed on a substrate; and

an electronic system including a controller, the controller
being configured to,
extract inspection contour data including an inspection

pattern contour from the inspection image data,
merge the inspection contour data with comparison
contour data of a comparison layer, and
determine a horizontal distance between the inspection
pattern contour and a comparison pattern contour of
the comparison contour data based on the merged
data,

wherein the comparison layer overlaps with the inspection
layer.

14. The semiconductor inspection system of claim 13,

wherein the electronic system further comprises:

a memory device configured to store the obtained inspec-
tion image data, the extracted inspection contour data,
the merged data, the comparison contour data, and the
determined horizontal distance.

15. The semiconductor inspection system of claim 13,

wherein the image detection apparatus is one of a nano
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geometry research (NGR) apparatus and a scanning electron
microscope (SEM) apparatus.

16. A method of inspecting a semiconductor device, the
method comprising:

receiving image data of a first pattern on a substrate;

extracting at least one first contour of the first pattern from

the image data;

merging the at least one first contour with at least one

second contour of a second pattern, the second pattern
and the first pattern being at different vertical levels
within the semiconductor device; and

determining at least one lateral distance between the at

least one first contour and the at least one second
contour based on the merging.

17. The method of claim 16, wherein the at least one
second contour corresponds to at least one active region in
the substrate, and the at least one determined lateral distance
is a lateral distance between the at least one first contour and
the at least one active region.

18. The method of claim 16, wherein the at least one
second contour corresponds to at least one contact hole of
the semiconductor device, and the at least one determined
lateral distance is a lateral distance between the at least one
first contour and the at least one contact hole.

19. The method of claim 16, further comprising:

comparing the at least one determined lateral distance to

at least one reference distance; and

performing additional processing on the semiconductor

device based on the comparing.

20. The method of claim 16, further comprising:

extracting the second contour from one of image data of

the second pattern and a design layout of the semicon-
ductor device.



